In this research paper, design and development of pyramidal horn antenna for J-band application is reported. It is particularly designed for 17 dB gain and half beam width about 25 degrees at 6.93 GHz. Horn aperture, horn axial length and distance from the throat of the antenna to aperture are the main design constraints which are calculated and used for the antenna design and simulation. Beam width in E-plane and H-plane horn is calculated and it is 19.18 dB and 22.86 dB respectively. The reported antenna design shows good performance for J-band in radiometry, satellite, and radar applications.
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The closed surface that is usually selected is an infinite plane that coincides with the aperture of the horn. When the horn is not mounted on an infinite ground plane, the fields outside the aperture are not known and an exact equivalent cannot be formed. However, the usual approximation is to assume that the fields outside the aperture are zero. Return loss, voltage at standing wave ratio (VSWR), gain, radiation pattern, half power beam width are the parameter through which we can characterize horn antenna for the particular application. For the radiometry, satellite, radar application the antenna is required to resonate in between 4 to 8 GHz, gain between 12 to 40dB, VSWR should be in between 1 to 2 and should maintain the half power beam width near about 20 degrees.
Pyramidal horn antenna design
In order to obtain sharper beam and highest directivity than that of the simple open waveguide radiator, the waveguide may be flared into a horn with much higher aperture opening. If width 'a' of the rectangular waveguide is increased to 'a1' by flaring the waveguide in H-plane, the H-plane horn antenna formed and similarly if we do it for length 'b' of waveguide E-plane sectoral horn will be formed. For given length of the horn, the highest gain is obtained by flaring the waveguide in both H and E-plane to obtain the pyramidal horn.
Design Calculation
The effective aperture of these pyramidal feed-horns is around 50% of its physical size, so
The optimum aperture length of the horn antenna given as,
The directivity of a pyramidal horn can be expressed as a combination of the directivities of the sectoral feed horns. The directivity of the antenna is calculated by,
Pyramidal standard gain horns are usually designed under the optimum condition The present Horn antenna is simulated using HFSS software. The direction of propagation of E and H field are in the Z direction, Axial length of the antenna is taken on the X-axis and width on Y axis as shown in figure 1 . The material used for the simulated purpose is Brass in order to make antenna more efficient and high gain. The inner and outer wall of the antenna is kept at 1mm apart from each other which indicate the thickness of the antenna is 1 mm. The rectangular waveguide dimensions are initially chosen as a1 and b1 are 34.84mm and 15.80mm respectively. The size of the opening flare of the horn antenna is calculated by using equation (5) and (6) which results as b2 = 96.96 mm and a2 = 116.01 mm. Usually, the optimum (from the point of view of maximum gain) design of a horn is desired because, it results in the shortest axial length. The whole design can be actually reduced to the solution of a single fourth-order equation. For the reliable horn, ρe must equal to ρh. Therefore, distance from the throat of the antenna to aperture is calculated using equation (7) and (8) and taken as ρe = ρh = 108.60 mm. 
Antenna results and analysis

Return Loss and VSWR
The return loss characteristics of the antenna are shown in figure 4. It indicate that antenna resonate at 5.22GHz and 6.93GHz for S11 = -32.59dB and -24.04dB respectively.
The VSWR found in between 1 to 2 for both the frequency mentioned above. This implies that antenna impedance at port and source terminal is well matched. VSWR pattern is shown in figure 5 . 
Radiation pattern
Radiation of the antenna is at 6.93 GHz having more power in main lobe and less on side lobe for ɸ-0 0 and θ-90 0 is shown in figure 6 . The results show that pattern is symmetrical in both E and H plane. For the measurement of the radiation of the horn antenna, the gun power supply is placed at 9.9V. hence, gain of receiving antenna (GR) =14.25 dB which is closer to simulated gain, i.e 17 dB. Figure 9 shows the 3D gain pattern for pyramidal horn antenna.
Antenna gain
Antenna directivity
The total directivity of the antenna is 61.2891 dB at 6.93 GHz. Figure 10 and 11 shows the antenna directivity in Cartesian and Polar plot respectively. In satellite and radar applications, the highly directive antennas are preferable so the given antenna shows the maximum directivity required for high-end applications. 
Conclusion
In this investigation, simulated and developed horn antenna results are good agreed with each other.
The reported antenna gives the better return loss -24 dB, VSWR 1.13 and gains 18.13 dB. The reported antenna is highly directive with the directivity of 61.28 dB at its peak value. The radiation pattern of measured and simulated antennas is close resemblance with each other. The developed antenna is made up of brass material and it is useful for satellite, radar, radiometry applications.
